Adipose tissue was obtained from male, female and male pigs castrated either at birth, 2 or 4 mo of age. Pigs were biopsied at 11 and 20 wk of age to obtain adipose tissue samples. Lipogenic capacity was assessed by measurement of in vitro glucose incorporation into lipids of adipose tissue slices. At 20 wk of age, males were less fat than females or males castrated either at birth or 2 mo of age. Adipocyte volume at 20 wk of age was smaller in males, females and recently castrated males (4 mo) than males castrated at birth or 2 mo of age. Lipogenic rate at 20 wk of age was lower in males than in castrated pigs; females had intermediate lipogenic rates. The results provide a partial metabolic explanation for the difference in subcutaneous fat deposition in the sexually diverse groups. There was no effect of estradiol-173 or testosterone in vitro on adipose tissue lipogenesis, suggesting that sex hormone effects in vivo may not be involved in shortterm regulation of lipogenesis.
Summary
Adipose tissue was obtained from male, female and male pigs castrated either at birth, 2 or 4 mo of age. Pigs were biopsied at 11 and 20 wk of age to obtain adipose tissue samples. Lipogenic capacity was assessed by measurement of in vitro glucose incorporation into lipids of adipose tissue slices. At 20 wk of age, males were less fat than females or males castrated either at birth or 2 mo of age. Adipocyte volume at 20 wk of age was smaller in males, females and recently castrated males (4 mo) than males castrated at birth or 2 mo of age. Lipogenic rate at 20 wk of age was lower in males than in castrated pigs; females had intermediate lipogenic rates. The results provide a partial metabolic explanation for the difference in subcutaneous fat deposition in the sexually diverse groups. There was no effect of estradiol-173 or testosterone in vitro on adipose tissue lipogenesis, suggesting that sex hormone effects in vivo may not be involved in shortterm regulation of lipogenesis. (Key Words: Lipogenesis, Swine, Adipose Tissue, Fatty Acid Synthesis, Estradiol-1713, Testosterone.) i
I ntroduction
Numerous observations on growing swine indicate differences in growth rate, feed conversion and body composition between sexes. Males tend to grow faster, convert feed to body weight more efficiently and to be less obese than castrated males whereas, females tend to grow slower than either male type, but are more efficient and less obese than castrated males (Newell and Bowland, 197-2; Kempster and Evans, 1979; Jones et al., 1980; Giles et al., 1981) . In some studies, the rate of gain may not differ among the sexes (Seideman et al., 1982) . However, the higher dietary protein requirement for males may complicate the results (Newell and Bowland, 1972 )because males are not fed greater dietary protein than females or castrated males in most growth trials.
The purpose of this study was to assess the rate of adipose tissue lipogenesis in male, female and castrated male pigs. Demonstration of differences in lipogenic rates might contribute, at the level of tissue metabolism, to an explanation of some of the gross differences observed in body composition.
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Materials and Methods
Pigs were male or female Yorkshire x Landrace reciprocal crossbreds. They were raised in environmentally controlled buildings under normal husbandry conditions and weaned at 4 wk of age. One group of males was left intact and three others were castrated at birth, 2 and 4 mo of age, respectively. The latter two groups were castrated using sodium thiopental anesthesia and surgical techniques. In the group of males castrated at 2 mo of age there were seven animals. There were eight animals in each of the other four groups, Adipose tissue biopsies were obtained from the dorsal neck region at 11 (females, males and 0 d castrates) and 20 (all groups) wk of age as described previously . The biopsy samples were transported to the 6OO JOURNAL OF ANIMAL SCIENCE, Vol. 58, No. 3, 1984 laboratory in .9% NaCI at about 20 C. Tissue slices (<.5 mm) were prepared, and [14C(U)] Dglucose incorporation into CO2 and into a total lipid extract were measured in triplicate by using 100 mg of slices/flask. The incubation medium was Krebs-Ringer bicarbonate, pH 7.4, containing 100 mU insulin/ml and 20 mM glucose (5 /aCi [14C(U)lD-/flask ). After incubation at 37 C for 120 min with shaking (90 strokes/min), the reaction was stopped with H2SO4. The liberated CO2 was collected, and the medium plus tissue was extracted with chloroform and methanol to yield a total lipid extract. The trapped CO2 was counted in a liquid scintillation counter as was 50% of the lipid extract. The other one-half of the lipid extract was saponified, and separated into nonsaponifiable, glyceride-fatty acid and glyceride-glycerol fractions. Each fraction was counted in a scintillation counter. The nonsaponifiable fraction accounted for 7 to 10%, the glycerideglycerol fraction for 33 to 44% and the glyceride-fatty acid fraction for 48 to 56% of the total incorporation. Because there were no differences (P>.05) between sex groups, only the glyceride-fatty acid data are reported. Details of these procedures were described previously (Mersmann et al., 1973 .
In vitro incubations to measure the effect of testosterone or estradiol-173 on glucose incorporation into a total lipid extract were similar to those indicated above except that each hormone was added to the incubation flask in .1 ml of 95% ethanol. The control flasks (no estradiol or testosterone) also contained .1 ml of 95% ethanol for these studies. Testosterone was added at 1, 3.3, 10, 33,100, 1,000 and 10,000 ng/ml whereas estradiol was added at 1, 3.3, 10, 33, 100, 1,000 and 10,000 pg/ml. After sodium thiopental anesthesia, tissue from a single castrated male pig weighing 20 to 33 kg was removed, a pool of tissue slices was prepared and slices from the pool were used to test the in vitro effects of both testosterone and estradiol. [Lipogenic activity measured in vitro in swine adipose tissue slices does not appear to be affected by sodium thiopental anesthesia (Mersmann, 1983) ]. This experiment was replicated three times.
Backfat was probed ultrasonically 4 at 20 wk of age at the first and last ribs and the last lumbar vertebra about 5 cm lateral to the middorsal line. Adipose cell size was determined with a particle counter s using osmiumfixed tissue slices after particle liberation with urea as described previously (Scott et al., 1981) . Particles greater than 20 tam were sized. The size distribution exhibited one major fraction and the volume of the particle at the apex of this fraction was used as the average adipocyte volume to calculate cell number/ gram tissue. Metabolic data was expressed on a cell number basis.
Results
Pig weights were the same (P>.05) in all sex groups at 11 and at 20 wk (table 1). Male pigs tended (P>.05) to weigh less at 4 wk and tended to be lighter in weight than other sex groups throughout the study. Intact males were leaner at 20 wk of age (as evidenced by backfat thickness) than females or males castrated at birth or at 2 mo of age. Males castrated at 4 mo tended to have intermediate fatness. Adipocyte size was less (peak diameter) or tended to be less (P>.05, volume) at 11 wk in intact males than females or males castrated at birth. At 20 wk of age, adipocyte size (volume or peak diameter) was less in intact males than males castrated at birth or at 2 mo. Females and males castrated at 4 mo tended to have intermediate adipocyte size. Glucose oxidation to CO2 and incorporation into lipids were, or tended (P>.05) to be, lower in intact males than females or males castrated at birth when measured at 11 wk of age. At 20 wk of age, both aspects of glucose metabolism were less in male and tended (P>.05) to be less in female pigs than in any group of castrated male pigs. The percentage glucose incorporated into the fatty acid moiety of glycerides was similar among all groups at both 11 and 20 wk of age.
In vitro incubation of swine adipose tissue with a broad range of testosterone or estradiol-173 concentrations (spanning the systemic plasma concentrations observed in both male and female pigs) produced no change in the lipogenic rate compared with the control tissue incubated without hormone (figure 1). 4Scanoprobe 731A, Ithaco Co., Ithaca, NY 14850. SCoulter Electronics, Inc., Hialeah, FL 33010.
Discussion
In rats, the sexual endocrine status has a major influence on body weight and the quantity of adipose tissue (reviewed by Wade and Gray, 1979) . Intact females weighed less than ovariectomized females. Estrogens appeared responsible for lower weight because ovariectomized females administered estradiolbenzoate weighed similarly to intact females. Estradiol plus progesterone-treated rats had increased carcass fat compared with estradiol-treated rats (Schwartz and Wade, 1981) . Apparently the reduction of weight gain and body fat content in castrated male rats after injection of testosterone also resulted from an estrogen effect because androgens were aromatized to estrogens in adipose tissue . Cytoplasmic adipose tissue binding sites for estrogens, but not progestins (Gray and Wade, 1980) , and in vivo nuclear binding of estrogens were demonstrated in both male and female rats.
Measurement of acetyI-CoA carboxylase activity as an indicator of adipose tissue lipogenic capacity indicated only a weak effect due to the sex of the rat (Gandemer et al., 1979) . Enzyme activities were similar in male, female and castrated male and female rats from weaning to 70 d of age. The data did not provide an expalnation for compositional differences between rats of different sexes; however, the data were expressed on a wet-weight basis and the expected difference in cell number (different groups had different amounts of depot fat) between groups might alter the conclusions. Ovariectomized female rats treated with estrogen or progesterone had decreased or increased rates of adipose tissue fatty acid synthesis, respectively, compared with controls (Hansen et al., 1980) . Rates of fatty acid synthesis by adipose tissue changed during the estrous cycle; they were decreased during diestrus and estrus and increased during proestrus in female rats (Hansen et al., 1980) .
The present studies in swine demonstrated the expected trends in adipocity (males< females <castrates) and in accompanying adipocyte size even though body weights among the groups were similar. The decreased amount of fat in males was accomp~mied by a lower capacity for fatty acid synthesis at 20 wk of age with a similar trend apparent at 11 wk of age. Studies with rats suggest that leanness in females is related to plasma estrogen levels and that, at least in part, this is the result of reduced feed intake when estrogen levels are high. It is difficult to extrapolate these results to pigs because the hormonal status of male and female growing swine is complex. Although female pigs cycle, the time frame is much longer than in rats and estrogen influence on feed intake has not been directly determined. Furthermore, the pre-and especially the postpubertal male pig has circulating levels of estrogens that may be as great or greater (Claus and Hoffmann, 1980; Allrich et al., 1982) than those in the female pig (Wise, 1982) . In male pigs, estradiol plasma concentrations were about 20 pg/ml through 100 d of age whereas testosterone plasma concentrations were ~4 ng/ml through the same period (Allrich et al., 1982) . Estradiol concentration increased at least twofold by 130 d of age and fourfold by 160 d of age whereas testosterone concentration increased two-to threefold at 130 and 160 d of age (Allrich et al., 1982) . In female pigs, plasma estradiol concentrations fluctuated greatly between birth and 96 d of age with mean values at various ages ranging from about 10 to 125 pg/ml (Wise, 1982) . Estradiol tended to be greater from 21 to 96 d of age than at earlier ages and after 96 d of age averaged less than 15 pg/ml. Much of the estrogen in male pigs is produced by the testis (Claus and Hoffmann, 1980) and probably results from aromatization of androgens as demonstrated in rats. In swine, estrogens may thus be the primary factor in the generally observed leanness of males relative to females. It should be noted, however, that both estrogen and androgen levels were not elevated in prepubertal intact males until after 100 d of age (Allrich et al., 1982) . Greater divergence in lipogenic capacity of adipose tissue among sexes might be observed by assessment of other ages, stages of the reproductive cycle or adipose tissue from different anatomical sites.
The lack of effect of estradiol or testosterone on adipose tissue lipogenic rates during in vitro incubation, suggests that sex hormones had no direct effect on swine adipose tissue or they required conversion to an active metabolite, possibly by another tissue or they were not involved in short-term regulation. The studies do not negate the possibility of longer term regulation requiring interaction with cytosolic receptors, transport to the nucleus with subsequent changes in genetic readout and specific protein synthesis.
Lipolytic and lipoprotein lipase activity in adipose tissue may be important factors in differential regulation of adiposity among the sexes. Lipolysis fluctuated during the estrous cycle in female rats (higher in proestrus and estrus than diestrus) and was stimulated by estradiol in both male and female rats (Hansen et al., 1980) . Adipose tissue lipolysis was increased also in lactating compared with nonlactating rats (Farid et al., 1978) . Lipoprotein lipase activity was markedly decreased by estrogen treatment of ovariectomized rats . Neither lipolytic nor lipoprotein lipase activity were measured in swine adipose tissue in the current study.
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